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Abstract

In sampling ordnance sites prior to risk assessment using grids, random or structured walks, or
other methods of data collection, the question as to how much to sample always arises. The
hypergeometric statistical distribution is appropriate in this application, since sampling is from a
finite (but unknown) population, specifically the number of unexploded ordnance (UXO) items
in a designated sector of the site. The test hypothesis is structured such that an adequate sample
from the sector may be chosen to achieve a certain confidence that the actual UXO density for
the sector is below an assumed level. In practice, the hypergeometric distribution, though most
accurate for this situation, is difficult to calculate (even on the computer) due to potentialy large
factorial values. QuantiTech has overcome this problem and developed a computer application
caled “DENSITY ESTIMATOR” which allows the user to input the sector size (in acres or
“grids’) and varying numbers of UXO items which might be expected in sampling from the
sector, beginning with zero. The routine then calculates the probabilities (or confidence levels)
that the UXO density in the sector is below a certain level, providing guidelines for initial
sampling as well as analysis techniques following data collection. The procedure has proven
especialy useful in the many instances where no UXO items have been found in sampling from
sectors of an ordnance site.

Background

QuantiTech, Inc., has provided sampling planning, support, and/or risk analysis at over 40
ordnance sites throughout the United States. In order to accurately assess risk of exposure to
UXO, it is necessary to estimate ordnance density in a designated sector of the site based on a
proportionally small (usualy less than 10%) sample from the sector. The following two
guestions arise: 1) How much sampling is "enough?' 2) Once sampling is completed, how may
the UXO dendty in the sector be accurately estimated? QuantiTech has developed a
methodology which addresses these questions. The supporting computer implementation is
called DENSITY ESTIMATOR.



M ethodology

Given a sector or subdivision of an ordnance site, UXO may be scattered randomly throughout
the sector or concentrated in certain "hot spots.” However, the total (but unknown) number of
UXO in the sector is finite and probably small, based on sampling experience. Typicaly, the
sector is divided into grids (although this is not a requirement) and sample grids are chosen
randomly for investigation. Magnetic anomalies within each sampled grid are investigated and
UXO identified, if present. The results form the basis for a statistical model.

The following symbols may be defined:

N = thenumber of gridsin the sector

n = thenumber of grids sampled from the sector

d = the number of UXO-contaminated grids in the sector (i.e., the number of
sector grids containing at least one UXO) - thisis unknown

X = thenumber of UXO-contaminated grids found in the sample

t

the total number of UXO found throughout all the sampled grids in the sector

The probability of finding x UXO-contaminated grids in the sample, assuming d UXO-
contaminated grids in the sector, is given by the hypergeometric probability expression

ael G\ - do
&nix@ , Whereafactor of theform
aN o
Ng

By (a-b)in  [exaxela- b)|[Lex3xob)]

Note that as N becomes large, as has been the case in numerous sectors, N! becomes exceedingly
large. Indeed, for N = 10, N! = 3,628,800. From field experience and data, it is not uncommon
to encounter sectors where N exceeds 10,000. The implementation of DENSITY ESTIMATOR
is designed to handle these large numbers with accuracy and speed.

Conclusion

DENSITY ESTIMATOR provides a statistically accurate and convenient means of predicting
sector sampling as well as analyzing sample data once collected. It has an advantage in that it
can handle a wide range of sector sizes, from the smallest (in some cases less than five acres) to
the largest (in excess of 30,000 acres), without loss of accuracy. It may also be used to generate
afield sampling table which is ssmple for field personnel to follow.
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